A scheme to observe Electromagnetically induced transparency (EIT) in an optomechanical system is proposed in the current paper. We treat a narrowband squeezed field as the weak probe field. We find that EIT dips exist in the output field. Moreover, the dependence of the EIT dips on the effective cavity detuning ∆ and the input power ζ are explored. We show that the width of the EIT dips can be controlled by the parameters ξ and the detuning ∆. 
Introduction
Recently, considerable effort has been devoted to the long-lived storage and remote quantum state transfer [1, 2] in quantum information. These studies are related to the potential applications for optical delay lines, optical memories, and optical data storage. Some approaches were proposed to the implementation of quantum storage, such as electromagnetically induced transparency (EIT). As one of the most important coherent effects, EIT has been extensively studied both in theory [3, 4] and in experiment [5] . Traditional Experiments of EIT are based on atomic systems or some systems with coherent pump and probe fields [6] . * E-mail: myh_dlut@126.com Very recently, EIT in cavity optomechanical systems have stimulated great interest [7] [8] [9] . Interaction between localized optical and mechanical excitations has been easily manipulated in micro-and nanofabrication techniques [10] . So far, a great deal of experimental studies for optomechanics focus on measurement of the mechanical subsystem through its interaction with optics. The optical response of these systems may be restructured in the presence of mechanical interactions, which will lead to effects such as electromagnetically induced transparency (EIT) [5, 11] . It is worthwhile to note that the EIT in optomechanical systems has been realized in experiment [11] [12] [13] . In this paper, we propose a scheme to generate EIT phenomena in an optomechanical system, which consists of a fixed mirror and two movable mirrors. Our scheme is achieved using a laser field that injected into a ring cav-ity and coupled to the position and momentum of the two mirrors. The numerical results show that EIT dips exist in the output field. The feasible experimental parameters are from current experiments on optomechanical normal mode splitting [14, 15] . The system we study, consists of a ring cavity with one fixed partially transmitting mirror and two movable perfectly reflecting mirrors, driven by a laser, and is sketched in Fig. 1 . The movable mirrors M 1 and M 2 are treated as quantum-mechanical oscillators with the same effective masses m and frequency ω m . An external laser with frequency ω L is injected to the cavity through the fixed mirror M 0 . The Hamiltonian of this system reads
Model and EIT phenomena of the system
where Q j and P j ( j=1, 2) are position and momentum operators for the oscillators, g is the coupling rate between the cavity field and the ith mirror, c † and c are the creation and annihilation operators of the cavity mode, respectively, with frequency ω c and decay rate κ, n c = c † c is the mean photon number inside the ring cavity, θ is the angle between the incident light and the reflected light on the surfaces of the movable mirrors, and the parameter ε means the coupling strength between the laser and the cavity, which is defined as ε = 2κζ ωc (ζ is the power of the coupling field). With the use of the Heisenberg equations of motion and considering the effect of damping and noises, one can get the quantum Langevin equations:
In the system, the movable mirrors are damped at the same damping rate γ m . Vacuum radiation input noise is defined as
, in which the nonzero correlation function is [16] 
and the thermal Langevin force ξ i (i=1, 2) resulting from the coupling of the movable mirror to the environment, has the following correlation function [17] :
( k B is the Boltzmann constant and T is the temperature of the environment, j, k=1, 2). Assuming the relative distance and the relative momentum of the movable mirrors satisfies the relations Q = Q 1 − Q 2 , P = P 1 − P 2 , we find that Eq. 4 can be rewritten as:
From the above equations, the steady-state mean values can be derived, such as
To study the EIT in the homodyne spectrum of the output field, we can arrive at the linearized equations for the fluctuation operators:
After applying the Fourier relation, the above equations can be transformed to:
In the frequency domain, the operators ξ and c in have the the following correlation functions:
where the parameter N denotes the photon number in the squeezed vacuum with M = √ N(N + 1). and Γ is the linewidth of the squeezed vacuum. According to Fig. 2 of Ref. [7] which sketches the measurement of the output field, we can define the output field as d out (ω) = c out (ω) + c in (ω), and derive the result (9) where (9) the first term means the thermal noise of the two movable mirrors, and the other two terms refer to the contribution of the squeezed vacuum. Using the correlation functions of the operators c in (ω) and ξ(ω), and neglecting fast oscillating terms, the homodyne spectrum X(ω) of the output field can be described as
We examine the above homodyne spectrum equation numerically to study the EIT phenomena in the homodyne spectrum of the output field. The choice of the parameters is from the experimental paper [14, 15] . In Fig. 2 we present the plot of the homodyne spectrum of the output field with different parameters ∆, ζ and ω. As can be seen from the two figures, the homodyne spectrum of the output has the EIT dips. Apparently, the minimum of the homodyne spectrum of the output occurs at ω = 0.
With |ω| increasing, the homodyne spectrum of the output field is split into two maxima located symmetrically. As the parameter ∆/ω grows from 0.98 to 1.60 in Fig. 2a and the parameter ζ grows from 10 mW to 70 mW in Fig. 2b , the EIT dips, which result from the destructive interference between the squeezed vacuum and the quantum field generated by the interaction between the coupling field and the movable mirrors, are exhibited. Generally speaking, the width of the EIT dip is proportional to the power to the coupling field. From Fig. 2a we find that the widths of the EIT dips decrease with increased parameter ζ. It also shows that the maximum value of the spectrum X happens at the near-resonance condition with ∆/ω = 0. Fig. 2b shows that the widths of the EIT dips become gradually diminished with increased detuning ∆. Moreover, the robustness of this EIT with respect to the mirrors environmental temperature is shown in Fig. 3 . The relevant result shows that the minimum values and the linewidth of EIT dips are independent of the environmental temperature T , i.e. there is rather weak dependence of the EIT curves on environmental temperature. This achieves the same results as a previous conclusion in an optomechanical system [7] , though the homodyne spectrum X(ω) is enhanced with temperature increasing.
Discussion and conclusions
A ring cavity with one fixed mirror and two movable perfectly reflecting mirrors is investigated. By a linearized fluctuation analysis, the mean square fluctuations in position and momentum of the cavity field and the movable mirrors are presented. We have studied EIT using quantum fields in optomechanical systems under a wide range of parameter conditions. The results show that the homodyne spectrum of the output has perfect EIT dips and that the width of the EIT dips can be controlled with control of the parameters ζ and ∆. Moreover, the dependence of EIT on the environmental temperature T are presented. Numerical results show that the EIT dips are independent of the environmental temperature T .
